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Introduction
Metastases to the pituitary gland and sella turcica are relatively rare. The first description of metastatic melanoma was made by Ludwig Benjamin in 1857 [6] . Most often the malignant metastatic pituitary tumours originate from the lung and breast, less commonly from the kidney, gastrointestinal tract, liver or prostate [1, 8, 11, 16, 18, 23, 26, 29, 32, 34] . Pituitary metastases from thyroid carcinoma are extremely rare [4] . The differential diagnosis of pituitary metastases might be challenging as some carcinomas from distant sites closely resemble, both clinically and his- topathologically, primary non-functional adenomas or pituitary carcinomas [11, 28] .
We present a case of a 53-year-old male patient who underwent repeated surgeries over a period of 7 years for a sellar-parasellar mass with paranasal sinus lesions, which was initially diagnosed as non-functioning pituitary adenoma. Ancillary immunohistochemical study made it possible to establish the final correct diagnosis of an oncocytic variant of follicular thyroid carcinoma. To our knowledge, this is probably the first report of thyroid carcinoma with oncocytic features metastasizing to the pituitary gland.
Case report
A 53-year-old male patient was admitted to the Department of Neurosurgery in April 2005 with symptoms of headaches, blurred vision and progressive diplopia. A neurological examination revealed decreased visual acuity in both eyes and mild hemiparesis of the right sixth cranial nerve with intact function of other cranial nerves. A funduscopic examination showed no signs of optic nerve atrophy. The patient did not present any somatic symptoms of hypercortisolemia or acromegaly. Magnetic resonance imaging (MRI) of the sellar-suprasellar region (coronal and sagittal T1-weighted with Gd-DTPA administration) demonstrated the large, solid, homogenous mass (28 × 25 × 25 mm) destructing the floor and clive, and extending into sphenoid, posterior ethmoid and right cavernous sinus (Figs. 1A, B) . The optic chiasm was not compressed. MR angiogram of the cerebral vessels showed slight lateral displacement of the right internal carotid artery. Based on preoperative clinical and radiological appearance, the invasive non-functioning pituitary adenoma was suggested. The patient had no family history of a pituitary adenoma nor type-1 multiple endocrine neoplasia (MEN-1). However, his past medical history was notable for follicular thyroid carcinoma. He underwent five thyroid surgeries in 2001-2004 associated with triple therapy with radioactive iodine and followed by external radiation therapy of the neck due to local recurrence and metastasis to neck lymph nodes. Since the thyroidectomy, the patient has received the suppressive treatment with levothyroxine.
On admission, the endocrine examination revealed a decreased thyroid-stimulating hormone (TSH) serum level (0.152 μIU/ml) and normal concentration of free thyroid hormones (fT4: 19.7 pmol/l; fT3: 
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(PTH) (67.2 μg/ml) and correct serum calcium levels allow us to exclude hyperparathyroidism, typical of MEN-1. The patient underwent removal of the pituita ry tumour by transsphenoidal surgery (TSS). The destruction of the sellar floor and invasion of the skull base was confirmed. The tumour was removed from the sella and sphenoid sinus except the part infiltrating the right cavernous sinus. The postoperative period was uneventful. There was no diabetes insipidus or hyponatremia. The replacement therapy with hydrocortisone was initiated. The postoperative hormone assessment performed six weeks after TSS revealed the normal range of GH and IGF-I level. Morning serum cortisol level was 10.5 μg/dl and its circadian rhythm was normal. The plasma ACTH was 39 pg/ml. Therefore, after confirming the normal function of pituitary-adrenal axis, the hydrocortisone replacement therapy was withdrawn. The serum levels of FSH, LH and PRL were within normal ranges (4.7 mIU/l; 2.6 mIU/l; 16.2 ng/ml, respectively).
The postoperative MRI confirmed a cavernous sinus infiltration by the remaining part of the tumour. The complementary radiotherapy was administered in a total dose of radiation of 5040 cGy within 36 days. The MRI of the sellar region, carried out six months after radiotherapy, showed no remnants of the tumour and the endocrine evaluation confirmed the normal pituitary function.
In 2008, three years after the TSS, the patient began to complain of nose swelling, nasal congestion, hyposmia and epistaxis. The laryngological examination revealed a tumour with a diameter of 12 × 14 × 12 mm in the right nasal cavity. The tumour was removed and the patient was reoperated several times due to tumour re-growth in 2009, 2010, 2011 and 2012. The patient remains under constant control of neurosurgical, laryngological and endocrinological outpatient services and his general state is stable.
Material and methods
The specimens from two neurosurgeries were examined histopathologically, immunohistochemically and ultrastructurally. The tissue was fixed in 10% formalin, embedded in paraffin and routinely stained with hematoxylin and eosin (H&E). Immunohistochemical staining was performed on paraffin-embedded specimens according to the labelled EnVision Flex Visualization System (Dako, K8000) with DAB as chromogen, using antibodies against anterior pituitary hormones: PRL (dilution 1 : 200), GH (dilution 1 : 500), ACTH (dilution 1 : 500), β-TSH (dilution 1 : 500), β-FSH (dilution 1 : 500), β-LH (dilution 1 : 500) -all antibodies from LAB VISION and the glycoprotein α-subunit (dilution 1 : 100, Novocastra). Ki-67 labelling index (MIB-1, dilution 1 : 100) was established. Moreover, antibodies against cytokeratins (AE1/AE3), thyroglobulin, S-100 and TTF1 (all antibodies from Dako) were used.
For electron microscopy, the small pieces of tissue were fixed in 2.5% glutaraldehyde, postfixed in 1% osmium tetroxide, dehydrated in graded alcohols and embedded in Epon 812. Ultrathin sections were counterstained with uranyl acetate and lead citrate and examined in a Philips CM 120 BioTWIN electron microscope.
Results

Histopathological findings
The morphology of neoplastic tissue was similar in material from both neurosurgeries performed in 2005 and 2011. The sellar tumour was composed of solid sheets containing large monomorphous cells of polygonal or square shape ( Fig. 2A) . These cells exhibited abundant, slightly granular, eosinophilic cytoplasm and a round nucleus with coarse chromatin and a centrally placed, relatively prominent nucleolus (Fig. 2B ). Mitoses were rarely encountered and necrosis was absent. The MIB-1 labelling index was above 10% with a focal increase in proliferation activity up to 20% (Figs. 2C, D) . The neoplastic cells were immunonegative for anterior pituitary hormones (PRL, GH, TSH, ACTH, FSH, LH, glycoprotein α-subunit) and negative for chromogranin A and synaptophysin (Fig. 3A) .
In electron microscope images, the tumour was composed of poorly differentiated cells with oncocytic features. The cytoplasm of neoplastic cells was fulfilled by numerous mitochondria (Fig. 4) . Their shape varied from round to oval and sometimes exhibited swollen matrix with flattened cristae (Fig. 5) . Round to oval nuclei displayed scattered chromatin and a prominent, dark nucleolus. There was no evidence of secretory granules.
Based on morphology, immunohistochemistry and ultrastructure, the tumour was initially diagnosed as atypical, oncocytic pituitary adenoma of the null cell type. Because of invasive growth, high MIB-1 labelling index and metastases, the primary pituitary carcinoma was considered. Further evaluation of immunohistochemical staining revealed strong immunoreactivity for cytokeratin (AE1/AE3), thyroglobulin, S-100 and TTF1 (Figs. 3B-D) . Such im munohistochemical profile correlated with the clinical history allowed us to establish the warrant diagnosis of pituitary metastases of the oncocytic variant of follicular thyroid carcinoma.
Discussion
The majority of metastatic tumours localized in the pituitary gland are asymptomatic, thus usually discovered incidentally. Data derived from autopsies indicate that metastases to the pituitary gland ranged from 3.0% up to 27% in patients with systemic malignancies [28, 36] . Only 1-7% of surgically excised neoplastic metastases to the pituitary gland have been associated with distinct clinical symptoms [18, 23] . The clinical presentation and radiological picture of pi tuitary metastases are usually typical of primary non-functioning pituitary adenoma and the preoperative diagnosis is often misleading [11, 29, 31, 37, 41] . The clinical features in symptomatic patients with pituitary metastases include: diabetes insipidus alone or with signs of anterior pituitary insufficiency, visual field alterations, ophthalmoplegia and general symptoms i.e. weakness or anaemia, secondary to hy popituitarism [1, 18, 23, 31, 38] . Only a few symptoms, in cluding diabetes insipidus, ophthalmoplegia or ptosis are not typical of primary pituitary adenoma and indicate rather secondary metastatic origin [22] . MR imaging and histopathological picture of metastases might indicate the pituitary adenoma. Also the mo lecular results are not a great help in differential diagnosis as molecular etiopathogenesis of pituitary adenomas still remains largely unknown, although some differences in gene expression between functional and non-functional adenomas have been detected [24, 25] . Often, precise immunohistochemical and electron microscopic studies are necessary to establish an accurate diagnosis.
Surgical treatment of pituitary tumours with advanced tumour growth and invasion of adjacent structures is usually limited to diagnostic biopsy or subtotal resection. Surgery or local radiotherapy might reduce the severity of neurological symptoms resulting from pituitary localization of metastatic tumour, i.e. improved visual field, correction of impaired eye movement [19, 22, 46] . However, the symptoms of hypopituitarism and diabetes insipidus are usually irreversible.
Metastases of endocrine tumours to the neuroendocrine part of the pituitary gland can be related with significant diagnostic difficulties [20] . Most commonly the metastases affect the posterior pituitary lobe with a rich arterial supply [28] . The pituitary metastases can originate from various primary sites but most often from the breast and lung [18, 23] . Intracranial metastases from thyroid carcinoma involving the sellar region and pituitary gland are very rare [4, 5, 8] . Most reported cases of pituitary thyroid metastases have originated from papillary and follicular thyroid carcinoma that comprise about 90% of thyroid cancers [13, 14] . The correlation between metastases and size of primary thyroid tumor and vascular invasion have been suggested [17] . Only a few cases of pituitary metastases from medullary carcinoma of the thyroid have been reported [9, 10, 15, 44] . Fol licular [33, 35, 40, 43, 45] . The oncocytic variants of papillary and follicular carcinoma of the thyroid are very uncommon and especially the biology of the last one is more aggressive and commonly displays lymph node metastasis [7, 12, 39] .
In the present case, the final correct diagnosis was established after correlation with clinical data. Initially both immunohistochemical and ultrastructural features might suggest an atypical, non-functioning, hormone-negative, null cell pituitary adenoma oncocytic type or invasive primary pituitary carcinoma. However, the oncocytic features in pituitary tumours require prompt consideration of oncocytic variants of different metastatic tumours. It is important to differentiate the oncocytic type of pituitary adenoma and secondary tumours with oncocytic features because of their differences in medical treatment and clinical outcome.
Oncocytic changes are highly characteristic on conventional hematoxylin and eosin staining. They are characterized by abundant eosinophilic, granular cytoplasm, distinct cell borders and large hyperchromatic nuclei with prominent nucleoli. They have been described in various organs of the neuroendocrine system including the thyroid, parathyroid, adrenal cortex, pancreas and outside the endocrine system in salivary glands and renal [2, 3] . However, oncocytic tumours ought to be diagnosed with caution because of high background or non specific immunostaining.
Oncocytic cells of the thyroid was first described by Askanazy but are also known as Hürthle or oxyphilic cells [30] . The true oncocytic cells are derived from follicular cells, whereas Hürthle described parafollicular calcitonin-producing cells. Oncocytic tumours composed predominantly or exclusively of oncocytic cells are rare. In the thyroid, oncocytic neoplastic lesions include spindle cell oncocytoma of adenohypophysis [27] . Follicular thyroid carcinoma might be also composed of large, polygonal, oncocytic cells [2] . The oncocytic/Hürthle cell thyroid carcinoma demonstrates a more aggressive clinical behaviour than non-Hürthle cell follicular carcinoma. In electron microscopy images, the granularity of enlarged cytoplasm of oncocytic cells results from accumulation of abnormal mitochondria that are evenly distributed throughout the cytoplasm [42] . Ghadially et al. [21] proposed that cells with abundance of mitochondria that fill 60% of the total cytoplasm might be identified as true oncocytes.
In the present case, the correlation of immunohistochemical staining with a clinical history of primary thyroid cancer allowed us to establish the war- rant diagnosis of the oncocytic variant of follicular thyroid carcinoma. The neoplastic cells occurred to be immunoreactive for cytokeratin AE1/AE3, thyroglobulin and thyroid transcription factor 1 (TTF-1) and negative for pituitary hormones. Positivity for thyroglobulin and TTF-1 confirmed the diagnosis of thyroid carcinoma.
Concluding, the differential diagnosis of invasive parasellar tumours that lack pituitary hormone immunoreactivity is especially challenging and includes silent, non-functional pituitary adenoma or metastatic carcinomas. The wide immunohistochemical profile and electron microscopic studies might help to establish the correct diagnosis in metastatic pituitary cases. The oncocytic va riant of follicular thyroid carcinoma, although very rare, should be considered in the differential diagnosis of sellar-region mass lesions of oncocytic morphology. 
